In this study, we have carried out paleointensity experiments on 918 specimens spanning 19 the last ~7 kyr, including pottery fragments, baked clay and slag, collected from 20 However, significant disparities are revealed as well, which we attribute to non-dipolar 37 components caused by movement of magnetic flux patches at the core-mantle boundary. 38
Introduction 40
The geomagnetic field is generated by the motion of the Earth's fluid outer core and its 41 variation is driven by the Earth's deep internal dynamics. Therefore, the behavior of 42 geomagnetic field has significant potential to yield insight into Earth's geodynamics, The use of pTRM checks insures that the ATRM tensor has not been affected by 192 alteration (Shaar et al., 2010 (Shaar et al., , 2011 . 193
Here we impart a total TRM along the six axes of each specimen (+/-x, +/-y, +/-z) 194 following the method of Veitch et al. (1984) . For some specimens we used an initial 195 demagnetization step to determine a baseline. When calculating the ATRM tensor, we 196 prefer the original method proposed by Veitch et al. (1984) rates in the same field might differ significantly. This will bias the estimation of 207 paleointensity (Halgedahl et al., 1980) . In order to obtain the most accurate results, we 208 applied a cooling rate correction for each specimen after the paleointensity experiment. 209
We followed the procedure suggested by Genevey and Gallet (2002) and used the same 210 temperature as for the ATRM correction (the total TRM). We used a three-step protocol 211 (4 in some cases including the baseline step). First, specimens were cooled 'fast', in about 212 30 minutes, to acquire TRM 1 . Then they were cooled in a 'slow' step (without a fan) 213 which takes ~12 hours to cool to 40 ºC from 580 ºC for TRM 2 . Finally, they were 214 subjected to a second 'fast' step similar to the first for TRM 3 . The third step is for 215 monitoring of alterations. The correction factor was calculated from the ratio of the 216 average of TRM 1 and TRM 3 to TRM 2 . For consistency, the same specimens were used 217 for all procedures during the paleointensity experiment, ATRM correction and cooling 218 rate correction. 219
The cooling rate correction was only applied for specimens processed at SIO because 220 ovens there were cooled with a fan. The furnace used in PGL does not have a fan and 221 specimens are cooled naturally, taking ~12 hours cooling to room temperature from 600 222 ºC. Therefore a cooling rate correction is not necessary for specimens processed in PGL, 223 assuming that the original cooling also took of the order of 12 hours. 
Paleointensity results 249
The selection parameters during paleointensity data analysis are crucial to the reliability 250 of intensity estimation. Selection criteria used in this study are listed in Table S2 average intensity and the standard deviation of mean intensity (σ) should be either less 279 than 10% or smaller than 5µT. 280
A total of 457 out of 918 specimens pass the selection criteria, for a success rate of ~50%. 281
However, the success rate varies among the four studied locations, which is ~30% 282 show straight-line behavior on the Arai plots. Specimens are rejected for three reasons 287 generally: alteration during the experiment leads to failure of the pTRM check (Fig. 5d) , 288 curved behavior caused by MD particles (Dunlop and Xu, 1994; Xu and Dunlop, 1994 ) 289 (Fig. 5e , many rejected specimens from Shandong are in this case) and large secondary 290 components which overprint the original remanence (Fig. 5f ) and lead to multiple slopes 291 in the Arai plots. The accepted samples (91 in total) are listed in Table 2 and the 292 specimen level results are listed in Table S3 . Data are analyzed with PmagPy software by 293 Lisa Tauxe including the Thellier GUI program by Shaar and Tauxe (2013) . 294
The anisotropy of the studied specimens is not so strong as expected for archaeomagnetic 295 materials, with τ 1 /τ 3 varying between 1.02~1.85 (97% of them less than 1.5), where τ 1 296 and τ 3 are the maximum and minimum eigenvalues of the ATRM tensors respectively 297 . The alterations during the TRM anisotropy correction experiment 298 are generally less than 10% (Fig. S2a) and we exclude those with more than 6% to make 299 sure accurate anisotropic tensors are calculated. The extent of correction described by the 300 ratio of the intensity value after ATRM correction (B ac ) to the raw intensity before any 301 14 correction (B raw ) ranges from 0.7 to 1.3 (but is generally between 0.9~1.1, Fig. S2b) . The 311 standard deviations (σ) before and after ATRM correction are compared and 70% of them 312 become smaller after the correction (Fig. S3) indicating the effectiveness of the 313 anisotropy correction. Most of the alterations during cooling rate correction are less than 314 5% (Fig. S2c) and the ones exceeding 5% are rejected. The correction factors are between 315 0.85~1.05 (Fig. S2d) . 316
Discussion 317
The important location and abundant archaeological artifacts make archaeomagnetic 318 study in China both necessary and achievable. In this paper, a number of reliable 319 archaeointensity results from four different locations are reported. The reliability of these 320 data is assured by the use of a robust experiment procedure and stringent selection criteria. 321
The dominant fine-grained titanomagnetite or magnetite minerals and their stability 322 during heating indicate their suitability for paleointensity experiments. Most of the 323 studied samples behave very well during the paleointensity experiment and a high 324 average success rate of ~50% is obtained. However, the problem of age control remains. (Fig. 6) . The 335 experimental details of the published data are generally not well documented and may be 336 of uneven quality. At present, the database only allows us to select based on the general 337 method, the number of specimens and the internal consistency of the average. Therefore, 338
we choose only those data obtained through the double-heating protocol (widely 339 considered the most robust), those were based on averages of at least two specimens with 340 a standard deviation of mean intensity less than 10% or 5 µT. The site locations of the 341 selected data are shown in Fig. 1 . 342
We try to explore the possible global behavior of the geomagnetic field during the past 8 343 kyr by comparing the VADM variations in Eastern Asia (100 °E-140 °E) with those in 344 the Middle East (30 °E-70 °E) and Southern Europe (10 °W-30 °E) (Fig. 7) , where a 345 number of archaeomagnetic studies were conducted. Because most of the data from (2012) in Europe (Fig. 7c) . The locations map of data points used in this study are shown 353 in Fig. S4 . 354
New paleointensity low 355 16
One surprising feature of the data shown in Fig. 6 is the appearance of a period of 356 extremely low paleointensity (~2×10 22 Am 2 ) at ~2250 BCE. The observed values (shown 357 in red in Fig. S5 ) are lower than any of the published data for the period 5000-2000 BCE 358 (blue in Fig. S5 ). One possible interpretation is that these represent a hitherto undetected 359 geomagnetic excursion. However, since the definition of geomagnetic excursion is 360 generally based on direction (Cox et al., 1975; Vandamme, 1994) and we have results 361 from only two samples here, further evidence is necessary. In any case, it is clear that the 362 intensity low observed here is not a global feature. We will refer to it as a 'Decrease in 363 Paleointensity' (DIP) following the usage of Kent and Schneider (1995) . 364
Rapid change in field intensity 365
Our new data show a six-fold increase from ~2250 BCE to ~1300 BCE with VADM 366 values rising sharply from ~2×10 22 to ~13×10 22 Am 2 . The rate of change of geomagnetic 367 intensity during this period is ~6 µT/century or 47% per century (calculated from the 368 lowest value at ~2250 BCE and highest value at ~1300 BCE). This variation is not as fast 369 Am 2 ) in less than 1000 years is still abrupt. One thing that should be mentioned is that the 374 data from ~1300 BCE, ~513 BCE and ~348 BCE from sites DQ7-DQ11 seem to be quite 375 scattered with respect to the trend of VADM versus time. But if we calculate the average 376 value of all acceptable samples from each site, consistent mean intensities (with σ<10%) 377 can be obtained except σ of DQ7 is 10.4% (Table S4) 
383
(~7 µT/century) respectively. 384
A possible spike at ~200 CE 385
Ben-Yosef et al. (2009) used the term 'geomagnetic spike' to refer to a short-lived peak 386 in the geomagnetic field, in contrast to 'excursion' or 'DIP' reserved for periods of 387 unusually low geomagnetic field intensities. There is no formal definition for a 388 'geomagnetic spike' presently. Here, we suggest using a definition of a sharp increase in 389 the field intensity to more than twice the present value (~16×10 22 Am 2 ) in less than 500 390 years as a 'spike'. Such a spike was suggested at ~200 CE in the published data from Wei 391 et al. (1982, 1986 ). This feature, although based on data without modern precautions 392 against the effects of laboratory alteration or unremoved pTRM tails, is supported by a 393 great number of data from different places (including a data point from Japan). However, 394
we failed to confirm the existence of the intensity spike in results reported here. 395
Therefore, additional evidence is required to establish the validity of the 200 CE 'spike'. 396
Comparison with the predictions from global models 397
When comparing our data with the predictions of the variation of geomagnetic field at the 398 center of China (37 °N, 120 °E) from the three global models, our new data fit well with 399 the ARCH3k.1 model (Korte et al., 2009) but deviate significantly at certain periods from 400 18 the CALS3k.4 and CALS10k.1b model ) 401 (Fig. 6) . This is likely to be because of the different input data of the models. The models 402 including the sedimentary data are greatly smoothed, especially for the CALS10k.1b 403
model. An implication here is that more reliable input data are necessary to improve the 404 global models. 405
Improvement of regional model of Eastern Asia 406
Apart from the 'spike' discussed previously, the new data reported here are generally 407 consistent with the published data from China and Japan, showing strong fluctuations of 408 the geomagnetic field during the past 8 kyr. We provide a great number of reliable 409 archaeointensity data for the Eastern Asia where paleointensity data are sparse and thus 410 improve the regional model of the geomagnetic field in Eastern Asia greatly, which have 411 potential implications for archaeomagnetic dating in this area in the future. 412
Comparison among Eastern Asia, the Middle East and Southern Europe 413
As most of the data in the GEOMAGIA50 database come from Eurasia, we consider now Southern Europe: 10 °W-30 °E), with bounding latitudes of 25 °N and 45 °N (see Fig. S4 ). 418
The general trend of intensity variation since ~8 ka is one of fairly low field strengths 419 (VADMs: ~5×10 22 Am 2 ) around 5000 BCE, rising to up to three times that, with several 420 peaks in intensity (shown in cyan and pink bands in Fig. 7 dominated by the behavior of the geomagnetic dipole (shown in Fig. 8 for various  423 models). However, the timing and amplitude of the peaks vary in different areas. 424
The first peak in field intensity (indicated by cyan bands in Fig. 7 ) appears to have 425 occurred at ~1300 BCE in Eastern Asia (Fig. 7a) , at around 1000 BCE in the Middle East 426 (Fig. 7b) and at ~500 BCE in Southern Europe (Fig. 7c) and was largest in the Middle 427
East. The second peak (indicated by pink bands in Fig. 7 ) appears at ~200 CE in Eastern 428 Asia (Fig. 7a) , at ~800 CE in the Middle East (Fig. 7b) and around ~700 CE in Southern 429 Europe (Fig. 7c) . If these are indeed the same features, the first peak appears 430 progressively from east to west, which could be explained by the well-known westward 431 
